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Introduction
The prevalence of chronic illness is increasing globally, and these conditions are now the primary cause of death and disability in all parts of the world except Africa [1] . In the UK, it is thought that as many as 18 million adults have a chronic illness [2] with the prevalence increasing with age [3] . Similarly, in the USA, almost half of all adults are now living with chronic illness [4] , increasing to 92% of those aged over 65 years [5] . This means that healthcare systems are under increasing pressure to maintain health and promote self-management of conditions, particularly in older people, who are already heavy users of the health service. This pressure is expected to increase in future with reduced national budgets and increased pressure to reduce staffing costs coupled with a growing healthcare workforce crisis [6] .
Chronic illnesses, such as diabetes, chronic obstructive pulmonary disorder and coronary heart disease, are caused, maintained or exacerbated by modifiable lifestyle factors, such as, insufficient physical activity, poor nutrition, tobacco use, and excessive alcohol consumption [7] . The health outcomes of these illnesses are also strongly associated with behavior and depend upon good patient self-management.
Typically, this involves adherence to treatment (e.g. medication or monitoring regimes) and lifestyle (e.g. diet and exercise) recommendations. For example, people with diabetes need to maintain glycaemic control through diet, exercise and weight control, as well as adherence to therapeutic regimes such as self-monitoring of blood glucose concentrations, foot care, and oral medication or insulin injections [8] .
Therefore an important part of patient care is the enhancement of these selfmanagement behaviors [9] . The primary mode of facilitating self-management is via patient self-management programs (PSMPs, such as patient education), typically provided by healthcare professionals. Two types of PSMP have been identified: educational interventions which aim to improve self-management by increasing knowledge; and psychological interventions which target emotional, cognitive, and behavioral functioning [8] .
However, in the current financial climate, despite the importance of these interventions, healthcare providers are facing increasing resource constraints which restrict the number of staff and amount of time available to deliver these interventions [10] . The use of computers to promote self-management in patients with chronic illness is one potential solution to this challenge [11] .
Information and communication technology (ICT) is changing the way that patients
interact with the healthcare system, particularly with the development of mobile and web-based interventions [12, 13] , but this technology also offers numerous opportunities to maximize the efficiency of the healthcare environment. Patients, particularly those with chronic illness, have to attend for regular medical appointments. However, only 24% of patients in England are currently seen at their scheduled appointment time [14] . Appropriate integration of computer-based PSMPs into waiting time could minimize the impact of the indirect patient costs (such as work days lost, travelling and waiting time) of appointments, which can in some cases exceed direct costs such as inpatient care, doctor visits and medicines [15] , whilst taking advantage of 'teachable moments' around healthcare contacts when patients are primed to receive information on health behaviors [16] . Providing public access computers to deliver PSMPs could also contribute towards bridging the 'digital divide', in particular with older adults who are less likely to own computers or use the internet [17, 18] . Most importantly, from the point of view of the healthcare provider, this technology allows patients access to effective self-management interventions whilst saving healthcare staff time.
A number of other reviews have investigated the use of computers to deliver PSMPs.
None, however, have focused on their effectiveness within health-supported settings.
Most [10, [19] [20] [21] [22] have focused on the effectiveness of all forms of computer-based patient education across settings, with others focusing on their use with specific illnesses [23, 24] . One review investigated the effects of interactive health communication applications for people with chronic illness, but also included online programs, and interventions with a focus beyond patient self-management, including peer and decision support [12] . Similarly, whilst Wofford et al's [25] review was concerned with exploring the potential of using computer-based patient education in the office (clinical) setting, and it also included web-and home-based interventions.
The current review, therefore, aims to investigate the effectiveness of using computers to deliver PSMPs to patients with chronic illness in health supported settings.
Methods
We followed the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA (http://www.prisma-statement.org/) [26] ) guidelines throughout the design, conduct and reporting of this systematic review.
Selection criteria
The PICOS (population, intervention, comparison, outcome, study design) approach was used to formulate the research question [27] . We included randomized controlled trials (RCTs), published in English, where the experimental intervention involved delivering a PSMP using a computer (e.g. standalone desktop computer, laptop, computer 'kiosk') in a health-supported setting (i.e. a professional health care setting mediated by health care professionals (e.g. hospital outpatients' department, GPs' surgery, pharmacy), to adults (aged 18 years +) with a chronic illness for which there is a recommended treatment pathway (e.g. diabetes, heart disease, pulmonary disease, arthritis). A PSMP was defined as any intervention that aims to enable a patient to self-manage their own condition, either through the provision of information or by targeting emotional, cognitive, and behavioral functioning. Although sometimes such programs may also involve family members or other formal or informal caregivers, we were interested in programs targeted solely at the patient. Interventions had to be compared either with usual care (with no self-management element specified), an equivalent 'standard' (i.e. not computer-based) PSMP or no intervention and report the effect of the intervention either on clinical (e.g. HbA1c, mortality etc...) or behavioral (e.g. medication adherence, diet etc...) outcomes. developed by the first author (MSMD), who is experienced in conducting systematic reviews, in consultation with an information specialist. A broad strategy, incorporating keywords sourced from relevant articles together with appropriate subject headings was used to search for studies. The strategy was first developed in MEDLINE before being adapted for use in other databases. Further details can be seen in the review protocol (see additional materials). We also scanned the reference lists of nine systematic reviews covering similar content identified via scoping searches in Google Scholar (using the terms "systematic review", "literature review", "computerized", "patient education" and "health information") [10, 12, [19] [20] [21] [22] [23] [24] [25] . We also searched reference lists of included studies. We did not hand search journals.
Study identification
The first review author (MSMD) pre-screened all titles and abstracts for possible inclusion. The accuracy of the screening process was then checked independently by the second author (AEW) based on a sub-set of included and excluded articles. Those selected were then subject to full-text assessment. Both authors independently assessed the selected articles for inclusion. The first author then extracted data and assessed the quality of each study, the accuracy of which was again checked independently by the second. Any discrepancies were resolved by consensus.
Data extraction
Details of the intervention and control group populations (e.g. number, demographics and condition), the interventions that they received (intervention content and duration, behavior change techniques used, hardware etc…), and outcomes (measures used, length of follow-up and results) were extracted. The interventions described in the selected studies were complex; covering not only a diverse range of conditions (e.g. diabetes, chronic heart disease etc…), but also a large number of discrete selfmanagement behaviors (e.g. adherence to medication regimen, smoking cessation, healthy eating etc…). In an attempt to manage the complexity of these interventions and inform practice, we sought to determine the 'active ingredients' of each by coding
intervention descriptions for behavior-change techniques (BCTs). A BCT is defined as 'any explicit description of intervention content that can alter a participants… behavior, e.g. not including mode or style of delivery' [28] (p316). Taxonomies of
BCTs have been created for interventions designed to boost physical activity and healthy eating [29] and for individual interventions for smoking cessation [28] but not, to our knowledge, for computer-based PSMPs. Where possible, we used the BCT terminology described in the above taxonomies with supplementation with techniques specific to computer-based programs designed to facilitating the self-management of chronic illness. Other aspects of delivery that could potentially explain heterogeneity were also noted: the intensity of the intervention (total time of exposure to the computer) and whether the information was tailored to the participants' characteristics.
The methodological quality of each study was assessed according to guidelines in the Cochrane Handbook for Systematic Reviews of Interventions [30] which recommends evaluating RCTs in each of the following domains: sequence generation; allocation concealment; blinding of study personnel, data analysts and outcome assessors; incomplete outcome data; selective outcome reporting; other sources of bias (e.g. potential for contamination, suitability of control group in terms of contact/intervention received).
Data analysis
Due to the variation in outcomes and the small number of studies in the review, no meta-analysis was attempted. We conducted a narrative synthesis of studies, incorporating a semi-quantitative analysis to enable comparison of the data across studies. The number of significant findings in each study in favor of the experimental group was noted for each clinical and behavioral outcome and was summarized (i) by study and (ii) by total number of analyses undertaken. Individual studies could contribute multiple findings for each outcome. To reduce the likelihood of a Type I error, where multiple follow-up time points were reported, only the results from the longest follow-up were included in the review. A significance level of p<0.05 was used.
Results

Selection of studies
The electronic search strategy retrieved 13,352 unique records. A further seven were identified from the reference lists of related systematic reviews (n=9, [10, 12, [19] [20] [21] [22] [23] [24] [25] ).
In total 13,359 titles and abstracts were screened, of which 304 were retrieved for indepth examination. A total of 11 studies (from 15 articles) met the inclusion criteria.
Studies by Glasgow et al [31] [32] [33] and Huss et al [34] [35] [36] were reported in multiple articles, the most recent of which was utilized in this review. Full details of the screening process can be seen in the PRISMA flow chart (Figure 1 ).
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Description of the studies
The study sample sizes ranged from 34 to 476 (total n = 1506, mean = 137). Mean age ranged from 18.3 to 70.3 years (mean = 54.0) in the experimental groups and 18.4 to 70.8 years (mean = 53.8) in the control groups. The samples comprised patients with type I or II diabetes [31, 37, 38] , asthma [36, 39, 40] , heart failure [41, 42] , HIV [43] , transient ischemic attack (TIA) or minor stroke [44] , and rheumatoid arthritis [45] . Seven studies reported participants' level of education; the proportion of participants with an undergraduate qualification or higher ranged from 25% to 81% (mean = 50%). Only four studies reported ethnicity [36, 37, 39, 43] . The majority of studies were conducted in the USA (n=6) with the remainder conducted in Sweden (n=3), Australia (n=1) and the Netherlands (n=1).
Computer-based PSMPs were compared with non-computerized standard PSMPs alone, with usual care or no intervention, or in combination with standard PSMPs compared with standard PSMPs alone or in addition to a non-computerized control.
Standard PSMPs typically involved health information delivered by participants' physician or specialist educators, dieticians, or nurses, face-to-face, using audiovisual aids or written materials, either individually or in groups. Standard PSMPs involved primarily the provision of information but occasionally included more complex BCTs such as providing opportunities for social comparison, barrier identification and creating action plans. Usual care typically involved participants' standard treatment plan (e.g. physician visits, check-ups etc…) where no additional educational or behavioral treatment was specified. Outcomes measured varied (see Table 1 ). Four studies [31, 36, 37, 44] collected data on both behavioral and clinical outcomes, four [39, 42, 43, 45] on behavioral outcomes only and three [38, 40, 41] on clinical outcomes only. Six studies [36-39, 44, 45] reported short-term (< 6 months) followup, 3 [41] [42] [43] reported medium-term follow-up (6 months -< 12 months) and 2 [32, 40] studies reported long-term follow-up (12 months +).
Description of the interventions
The majority of studies (n=9), [36-42, 44, 45] described themselves as computeraided patient education or instruction, one [43] as computer-based counseling for risky behaviors and one [31] as a computer-assisted intervention providing feedback on barriers to dietary self-management. The experimental intervention in most studies (n=6) comprised of just one session, to a maximum of four sessions (n= 3 studies).
Length of overall exposure ranged from 22 minutes to 240 minutes (mean = 66 minutes).
The majority of studies [31, 36, 37, 39, 40, 43, 45] described interventions that used BCTs beyond the provision of information on their condition, appropriate medication and self-management. Only four studies [31, 37, 43, 44] tailored content of the experimental intervention to participant characteristics. Six studies used a PC, laptop or other standard computer equipment to deliver the intervention [36, 38, 39, [43] [44] [45] , with three using a computer with a touchscreen [31, 37, 42] , one a TV set connected to a photo CD player [41] and no equipment details were specified in one study [40] .
Six studies attempted to integrate the intervention (or at least part of the intervention) into standard clinical practice, e.g. during waiting time for other appointments, or immediately after a physician appointment [31, 37, [41] [42] [43] [44] . Where specified, staff involvement was minimal, amounting to an orientation to the computer program or occasionally being available to assist during the intervention with the practical aspects of using the computer, but without providing any supplementary health information.
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Effects of the interventions
Only one study [38] compared a computer-based PSMP with a standard PSMP.
Patients with diabetes randomized to the experimental group viewed a computer-aided learning program across multiple one-hour sessions to cover 16 lessons on diabetes and its management. Analyses revealed that those receiving computer-aided learning had significant improvements in glycosylated haemoglobin (GHb/ HbA1c) levels at three months compared to controls.
Five studies [31, 39, 40, 43, 45] compared computer-based PSMPs with a control intervention where no patient self-management element was specified (e.g. no intervention, usual care, or assessment only). Each found the experimental intervention to have a beneficial effect on either a behavioral or clinical outcome. One study reported a significant effect on both: all participants in Glasgow et al's study [31] improved significantly in young adults (aged 18-25 years) with asthma exposed to the experimental intervention compared to controls, but there were no changes in Forced Vital Capacity (the volume of air that can forcibly exhaled after full inspiration, FVC). There were no significant differences between the groups in the prevalence of respiratory or asthma symptoms.
The experimental interventions described in the remaining three studies impacted significantly on behavioral outcomes. Gilbert et al [43] compared a computer-based risk assessment plus an interactive computer-based risk-behavior reduction program with a computer-based risk assessment in patients with HIV. The trial reported a reduced risk of drug use and unprotected sex in the experimental compared to the control group but no difference in risky drinking between the groups at six months.
Wetstone et al [45] randomized patients with rheumatoid arthritis (RA) to receive either a number of sessions of computer-based education or usual care. Experimental group participants were more likely to report taking increased care in joint protection and reported changes in the amount of time resting (although time resting was reported as both increased and decreased). There was no difference in patient adherence between groups. In Navarre et al's study [39] , experimental group participants with asthma or COPD viewed a computer-assisted inhaler technique tutorial on a single occasion and scored significantly higher than a waiting-list control group on observed inhaler technique immediately post-intervention.
The remaining five studies [36, 37, 41, 42, 44] compared computer-based PSMPs combined with a standard PSMP with standard PSMPs alone. Only one study reported a clear beneficial impact of the experimental intervention. Huss et al [36] compared the effects of adding a single session using an interactive computer program to educate adult atopic asthmatics on house dust mite avoidance, to a single session of individual standard education by participants' physicians by comparing it with standard education alone. According to participant self-report and objective assessments, the experimental group implemented significantly more allergen avoidance measures than controls at 12 weeks and also recorded a significant decline in mite-allergen levels in the home. The inhaled bronchodilator use per day of the experimental group also significantly decreased below that of the conventional instructed group by 12 weeks. There was no significant difference between groups in observed allergen levels in living room carpets or sofas, symptomatic improvement or mean FEV levels.
Khan et al [37] randomized participants with type II diabetes either to an experimental condition of group-based standard education plus a single session of computer-based learning to standard education plus a read through of a brochure. Both interventions concerned the self-management of diabetes, and each was of benefit to participants.
Appropriate use of medication, measured by the number of oral diabetes medications prescribed over three months, improved in experimental versus control participants, but self-reported exercise increased in the control group compared to the experimental group. There was a borderline non-significant (p=0.06) reduction in HbA1c in the experimental group compared to controls but no significant differences in diabetes knowledge, diabetes self-efficacy, medication adherence, home glucose monitoring, diet, diabetes foot care, blood pressure, number of blood pressure medications used or insulin use.
The remaining three studies found no differences between groups on either clinical or behavioral outcomes. Linné and Liedholm [41] randomized older patients with heart failure either to standard education plus a single session using an interactive computer program on heart failure, its symptoms and treatment or standard education alone.
There was no significant difference between the two groups in mortality and readmission. Those in the intervention group scored significantly higher on knowledge than the control group, although only 37% of patients who finished the study completed the questionnaire. Maasland et al [44] compared standard education delivered to patients with transient ischemic attack (TIA) or minor ischemic stroke plus a single session using an interactive multimedia computer program with standard education alone. The computer program provided information on TIA or stroke, details of medication and tailored information on four personal risk factors for TIA (e.g. level of exercise or smoking). There were no differences between the two groups in blood pressure, serum cholesterol, serum triglyceride, serum low-density lipoprotein (LDL), BMI, number of cigarettes smoked or number of alcoholic drinks consumed or knowledge at 12 weeks. Stromberg et al [42] randomized patients with heart failure either to receive standard education plus a single session using an interactive multimedia program covering information on heart failure and its treatment or standard education alone. There was no significant difference in adherence at six months. The experimental group had a significantly larger increase in knowledge than the control group at six months. There were no differences between the groups in quality of life.
Taken together, these results suggest that computer-aided patient self-management programs for patients with chronic illness are more effective when compared to no intervention or a control with no patient self-management element specified than when compared to standard patient self-management programs alone in combination with standard patient self-management programs for both behavioral (100% vs. 60% of studies, 77% vs. 25% of analyses) and clinical (100% vs. 50% of studies, 33% vs.
17% of analyses) outcomes (see Table 2 ).
Similarly, the interventions with 'complex' BCTs appeared to be more effective than those with basic techniques, high intensity interventions appeared to be more effective than low intensity interventions and computer-based patient self-management programs appeared to be less effective than non-computer-based approaches in older adults (>60 years). However, no clear pattern emerges when the findings are examined in relation to the tailoring of content (see Table 2 ).
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Acceptability of the interventions
Only four studies reported on the acceptability of the computer-based PSMP. Gilbert et al [43] used a four-item acceptability interview and reported that the majority of participants (97%) ''liked'' the program or ''liked [it] very much,'' and 93% found that it was easy to use. By contrast, 13% stated that the program was 'too long'.
Similarly, 90.4% of Navarre et al's [39] participants reported that the computer-based tutorial to be either very easy or easy to use, with 92.5% reporting that the amount of time required to complete the tutorial to be either short or just right, 71.4% rating the level of inhaler technique explanation as easy and 81.4% rating the understanding of the material as very easy to easy. Wetstone et al [45] reported that the majority of patients who completed the lesson found it a positive experience, with most reporting that they had learned from the lesson and almost all recommending use of the lesson to other patients, friends and family. In Glasgow et al's study [31] , participants receiving the experimental intervention reported significantly higher overall patient satisfaction with their office visit than the control group participants (p<.002).
Although it was only assessed in four of the reviewed studies, there was no evidence of high attrition in the current review (mean = 9%, range = 0%-23%) which may be taken as a proxy measure of intervention acceptability.
Cost of the interventions
Only one study reported the cost of implementing the intervention [31] . 
Methodological quality of the studies
Two studies [38, 43] were judged to have a low risk of bias in all six domains. One study [41] had low risk of bias in five domains, five [36, 37, 39, 40, 44] in four domains, two [31, 45] in three domains and one study [38] was judged to have low risk of bias in only two domains. All studies were judged to have low risk of bias in selective reporting of outcome data, whereas blinding of outcome data was the least frequently met, with only five out of 11 studies judged to have low risk of bias in this domain (see Table 3 ).
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Discussion and conclusion
Discussion
To our knowledge, this is the first study to review the effectiveness of computer-based PSMPs delivered in health-supported settings. The evidence, whilst limited, is promising, and suggests that these interventions have the potential to change both health behaviors and clinical outcomes in patients with chronic illness. In the current review, standard PSMPs were provided by health intermediaries including doctors and nurses in health-supported settings. Whilst these approaches offer the advantage of exploiting 'teachable moments', they are cost-intensive as, for the most part, one health professional consultation informs only one person at a time. In the reviewed interventions staff involvement was minimal, and typically involved a brief orientation to operating the computer program. Switching modes of delivery could save health care providers significant costs, whilst simultaneously saving indirect costs for the patient and maximizing the efficiency of their time spent in the health care environment.
There was insufficient evidence, however, to determine whether computer-based PSMPs are superior, or at least equivalent to those delivered by health care professionals as this was addressed in only one study [38] , which was of poor quality.
There was evidence, however, that these interventions were effective when compared to 'usual care' where no specific patient self-management content was specified, and two previous reviews have reported that computer-based patient education programs were superior to standard education delivered by staff in producing knowledge and clinical gains [10, 21] although this was not found by a third review [25] .
It has been suggested that these approaches are potentially problematic as the absence of human contact could lead to increased levels of disengagement and attrition [46] .
There was no evidence found for any adverse effects of switching to computer-based PSMPs in the current review. Computer-based programs may even be preferred by many patients because they allow participants to move through the intervention at their own pace, so that they are likely to be of benefit for those even with low education level [23] and may be perceived as non-judgemental, particularly if addressing sensitive topics [20] . Although one might consider the range of attributes offered by a combination of standard and computer-based approaches to be optimal, no evidence was found in this review.
Numerous questions remain unanswered. In particular, whether these interventions are effective in older adults. Studies where experimental group participants had a mean age above 60 years appeared to be less effective than those with younger participants. This may be due to only one of these interventions explicitly incorporating design features for older adults [42] . The use of computer technology is fraught with difficulties from the perspective of the older person, with many older people being reticent to use them for a variety of reasons, including issues related to hardware such as screen text being too small and the contrast poor, and the physical manipulations required to control a computer challenging their dexterity [48] [49] [50] . Software issues also create difficulties, such as the logic of the interfaces being difficult to understand and use, difficulties searching the internet and issues with low health literacy making computerbased health information difficult to comprehend [49, 50] . This lack of adaptation for older adults is reflective of a general failure of these interventions to maximize the potential of using new technology, as has been noted elsewhere [46] . For example, computer-based approaches should, in theory, allow for increased effectiveness through high levels of tailoring and personalization of content. However, only four studies designed their interventions in this way. Despite this review being the first to list BCTs used in PSMPs, it identified few that had not been previously recorded in the taxonomies for interventions to promote physical activity and healthy eating [29] or smoking cessation [28] . As might be expected, newly identified BCTs were linked with the interventions of interest, and primarily concerned the provision of information regarding the patient's condition and the self-management of that condition.
This review had a number of important limitations relating to both the quality of the included studies and the methodology of the review. Restricting the review to published, peer-reviewed research leaves open the possibility that the positive effects of these interventions may be exaggerated by publication bias. Every effort was made, however, to conduct as comprehensive a review as possible, screening over 13,000 titles from four major databases and nine systematic reviews, as well as searching the reference lists of included articles. Most of the included studies were not of high quality, with only two meeting all of the quality criteria. The results must therefore be interpreted with caution. Further limitations include the lack of a meta-analysis to accurately determine the effects of the interventions which would have allowed for a more thorough examination of the effectiveness of these interventions, as well as the effects of any potential moderators. The interventions included in this review were also heterogeneous in terms of information presented, mode and duration, targeted a number of self-management behaviors for a number of different conditions and examined their impact on a diverse range of outcomes. Extracting the BCTs used in these interventions, however, allowed us to identify common features that are associated with greater effectiveness.
Conclusion
The primary conclusion of the systematic review is that computer-based PSMPs show potential for changing health behaviors and improving clinical outcomes in patients with chronic illness. However, the review also shows up several important future avenues for research that are essential to fully examine the extent to which these interventions are likely to be of use. First, more well designed trials are needed to test their efficacy, in particular head-to-head comparisons with similar interventions delivered by healthcare professionals which was examined in only one study in the current review. Second, it is imperative that these studies collect data to allow comparison of cost benefit, which was also reported in only one study reviewed here [31] . Third, interventions should incorporate more design features matched to their target population in order to boost their effectiveness. This may be particularly relevant for older adults for the reasons mentioned above, but in general is reflective of a failure to harness the potential of these technologies to communicate effectively with their target audience, including in accurate tailoring and personalization of content. Accompanying this with an exploration of the acceptability of computer technology interventions to both older people and healthcare professionals would be useful in identifying potential implementation issues for their widespread use. Given the current review contained only a subset of the available studies describing PSMPs, further work is needed to list the full range of BCTs used in these interventions. The similarity of BCTs used in these diverse interventions, however, suggests the presence of a relatively limited set of BCTs that are broadly applicable and effective across a range of health behaviors and conditions.
Practice implications
Given the results of this review, it would be premature to recommend the use of computer-based PSMPs in clinical settings to promote self-management in patients with chronic illness. It is presently unclear whether these interventions can be used effectively to replace staff time, and in particular whether these interventions can be effective in older adults. It is apparent, however, that educational interventions, i.e. those programs that simply provided information regarding the chronic illness, appropriate medication and self-management, were less effective and should be avoided in favor of psychological interventions that incorporate additional BCTs such as motivational interviewing, barrier identification and modeling of behavior. This is in keeping with previous research which shows that simply providing information is insufficient to produce behavioral change [9] .
